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tumerous techniques for surgical relief of the obstruc-
tion in hypertrophic obstructive cardiomyopathy
HOCM) have been described ever since Cleland1 started
ith transaortic myotomy in 1958, a procedure later on bet-
er known as the Bigelow2 technique. Septal myectomy rather
han simple myotomy was introduced by Morrow3 in 1961
nd advanced over the years to the standard operation. It was
ased on the assumption that the asymmetric septal hyper-
rophy was solely responsible for the left ventricular outflow
ract obstruction.
The idea and realization of an extended myectomy for
ypertrophic obstructive cardiomyopathy came in the early
eventies of the last century and was the result of a new
nderstanding of the pathophysiologic mechanism of the
isease (Fig. 1A,B). However, the method was not published
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doi:10.1053/j.optechstcvs.2004.10.003ntil its superiority compared with the original Morrow pro-
edure could be proved by long-term results.4,5
urgical Technique
echanism of Obstruction
espite major progress in surgical technique and introduc-
ion of new invasive strategies, medical therapy with
-blockers and/or Ca-antagonists should still precede any
nvasive treatment. This is especially true for patients with no
r only marginal symptoms. Severely symptomatic patients
esistant or with intolerance to drug therapy and those with
dditional coronary artery disease are candidates for surgery,
ven though dual chamber pacing and transcoronary abla-
ion of the septal hypertrophy introduced by Sigwart6 in
995 and known as TASH procedure are propagated as al-
ernatives. It must, however, be noted that TASH, similar to
imple myectomy, takes care of only one source of the ob-
truction. Neither TASH nor the classical Morrow procedure
akes care of the subvalvularmitral pathology, nor does either
ne adequately remove the septal bulge.
Extended myectomy for hypertrophic obstructive cardiomyopathy 269Figure 1A In normal hearts, diastolic filling of the left ventricle, although dynamically rather complex, follows an axis
toward the apex. During systolic ejection, this axis changes in an acute angle toward the left ventricular outflow tract
(LVOT) and the center of the aortic valve plane, respectively.
270 B.J. MessmerFigure 1B In HOCM, the inflow axis still points at the apex, but inflow, and therefore diastolic filling and function are
hampered by the severe hypertrophy. Obstruction of LVOT originates (A) from the asymmetric bulging hypertrophy of
the ventricular septum, and (B) from malinsertion and malalignment of the subvalvular mitral apparatus. Both factors
are responsible for flow deviation toward and underneath the mitral leaflets during early systole which promotes an
active rather than a passive systolic anterior motion of the anterior mitral leaflet (SAM). Thus, SAM, a significant part
of ultimate obstruction, is the result of flow deviation and not of flow acceleration.
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Extended myectomy for hypertrophic obstructive cardiomyopathy 271reliminary Surgical Steps
ost important for extended myectomy is good view, op-
imal exposure, and a good amount of surgical skill and
ourage. The operation is performed on cardio-pulmonary
ypass, cardioplegic arrest, and moderate systemic hypo-
hermia of 28°C. Important is a good size left ventricular
ent inserted from the upper right pulmonary vein across
he left atrium and mitral valve to keep the left ventricle
ompletely free of blood. The aorta is opened by a rela-
ively deep hockey stick-like incision toward the noncoro-
ary sinus. For a better view, the upper rim of the aorto-the hypertrophic papillary muscles generously as indicated byattress suture. This incision gives better exposure than
he often propagated transverse aortotomy. All three com-
issures of the aortic valve are snared with 2-0 nonmono-
lament sutures that are tightly pulled up and fixed. Then
-0 prolene sutures are placed superficially at the nodulus
f Arantius of each aortic valve cusp. These stay sutures are
inimally burdened with a small bulldog clamp only to
eep the valve in open position, and to prevent the cusps
rom falling into the operative field during the sharp cut-
ing phase. Finally, a small curved aortic retractor is in-
erted anteriorly into the right coronary sinus. It is impor-
ant to do all these preliminary steps to get optimalomy is fixed to the posterior wall with a transaortic 4-0 exposure to the LVOT.
Septal Myectomy
Figure 2 The operation consists of generous resection of the septal bulge and of restoring free mobility of both papillary
muscles. It is important to remove the septal bulge in its whole extent and especially to its deepest point, and to trimthe hatched areas.
272 B.J. MessmerFigure 3 Looking across the aortic valve area, the surgeon has an unrestricted view into the left ventricular outflow tract
which is anteriorly obstructed by the bulging septum (S) often covered by endocardial fibrosis generated by the
constant impact of the opposite anterior mitral valve leaflet (AMV) during SAM. If necessary, the extent and thickness
of the septal bulge can be judged by bimanual palpation. Careful preoperative echocardiographic evaluation, however,
makes this maneuver nowadays seldom necessary.
The dotted lines mark off the areas of primary (A) and secondary (B) resection of the septal bulge. The asterisk marks
the dangerous zonewhere the bundle of His is located. In order not to damage the central part of the conduction system,
the primary longitudinal incision in between A and B must be at the level of the right coronary ostium or slightly to its
left.
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Extended myectomy for hypertrophic obstructive cardiomyopathy 273igure 4 The most important tool for
dequate resection of the septal
ulge is an ordinary sharp triple
ook retractor of 8 mm in width
upplied by most manufacturers of
urgical instruments. In children, it
ay be replaced by a small double
ook as used by plastic surgeons.Figure 5 The sharp triple hook retractor is carefully inserted across the aortic valve and with its prongs directed toward
the septum, led down toward the apex of the left ventricle. The hook is then held in an axis between apex and posterior
aspect of the aortic valve which is more horizontal and quite different from the surgeon’s view axis into the ventricle.
With soft pressure toward the septum, the hook is retracted with a slight yank, so that the prongs hook into the septal
bulge at its lowest level. With the triple hook in place, the whole septal bulge can be pulled upwards and remains
securely stabilized during myectomy which should follow the dotted line.
274 B.J. MessmerFigure 6 ANo. 10 blade is used for excision, which starts with two deep longitudinal incisions, one using the right coronary
ostiumas a guide line to be safe from the bundle ofHis, the other at the site of the commissure between right and left coronary
cusp of the aortic valve (see also Fig. 3). Between the two longitudinal incisions and still with the No.10 blade, a transverse
incision ismade into the septum3 to 4mmunderneath and parallel to the aortic valve annulus. The blade is directed toward
the prongs of the triple hook, which can be felt easily. It is important to excise this first and major portion of the septum in
one single piece, because secondary resection in the traumatizedmuscle is difficult and the risk for loosemuscle pieces,which
may result in muscle emboli, is not negligible. For the same reason, excision with the aid of a rongeur or other muscle biting
instruments is not advisable. Sometimes the muscle bloc is still adherent in the depth due to trabecular like muscle bundles.
In such cases, the triple hook is carefully removed and the muscle bloc grasped with a large anatomic pick-up (not with a
clamp). Pulling the muscle bloc toward the mitral valve side, the adhesions in the depth are divided preferably with long,
straight, and not curved scissors to prevent damage to the subvalvular mitral apparatus.
In a next step, the lower posterior part of the septal bulge is excised (area B on Fig. 3). A small-sized Langenbeck
retractor is inserted into the left ventricle to expose the remaining part of the hypertrophic septum and the subvalvular
mitral valve apparatus. The triple hook retractor is placed again, and an oblique incision allows for an additional
triangular excision of the lower posterior septum (see Fig. 3). It is important to stay at least 1½ cm away from the lower
rim of the membranous septum in order not to damage the bundle of His. However, good myectomy generally results
in left bundle branch block, which does not matter except in patients with preexisting right bundle branch block.
Under those circumstances, special care to the conduction system is mandatory, and the additional triangular excision
should be avoided at least in the upper part of the septum.
When septectomy is done, its completeness as well as the remaining thickness of the septum can be checked and
judged again by careful bimanual palpation.
Extended myectomy for hypertrophic obstructive cardiomyopathy 275Remodeling of the Subvalvular Mitral Apparatus
Figure 7 Once the septal bulge is generously excised and a long (6 to 10 cm) Langenbeck retractor inserted to keep the
slimed septum away, the view is free to the subvalvular mitral valve apparatus with its chordae and papillary muscles.
If visibility in the depth is poor despite the surgeon’s head light, a small flexible fiberoptic light source can be placed
across the left atrium and mitral valve, respectively, into the left ventricle. A more expensive alternative is the use of a
right angle retractor with integrated light source.
The papillary muscles are not only hypertrophic, but also adherent or even grown laterally together with the left
ventricular wall. Moreover, their free movement can also be impaired by interpapillary trabeculae or muscle bridges to
the free wall. In rare cases, there can be direct papillary muscle insertion into the anterior leaflet. All these pathologic
structures lead to malalignment between the subvalvular apparatus and the mitral leaflets, and they are jointly
responsible for mitral insufficiency. Restoration can only be achieved by trimming, resection, and/or dividing all
pathologic structures as indicated schematically.
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276 B.J. MessmerWhen the intracardiac part of the operation is finished, the
nside of the ventricle must be generously rinsed and checked
or loose muscle parts. Likewise, careful inspection of the
itral chordae and the aortic cusps for inadvertent damage is
andatory before closing the aortotomy.
omments
he advantage of the technique presented in this article is
more complete resection of the septal bulge. The classical
Figure 8 Access to these pathologic structures in the dep
the papillary muscles is often time consuming. It can be f
size nerve hook. Pulling, moving, and rotating the ner
muscles are brought in position and freed stepwise from
achieved with long and slightly curved scissors. Finally,
are trimmed with a long-handled blade until they stay li
the posterior papillary muscle is too difficult through th
atrial incision and to work across the mitral valveorrow operation generally does not permit access to its oistal neck. This is essentially true for the mid-ventricular
orm of HOCM, but also applies in most instances for the
ore proximal form. With the triple hook in place, the
istal point of the bulge is clearly marked, and the knife
as only to be guided toward the prongs to be sure that
xcision will be complete. At the same time, the hook
tabilizes the septum in a straight manner that prevents
erforation, a notable risk of the Morrow technique, and
xternal pressure on the right ventricle and the septum,
espectively, is advocated in order to invert the septum
owards the left side and thereby to bring the deeper part
close to the apex is not easy, and good mobilization of
ed when bundles of chordae are grasped with amedium
k with the up-loaded chordae as shown, the papillary
tachments, trabeculae, and muscle bridges. This is best
bile but still hypertrophic and plump papillary muscles
columns inside the ventricle. In cases where access to
ic incision, it might be helpful to use an additional leftth and
acilitat
ve hoo
wall at
the mo
ke slim
e aortf the bulge better in sight.
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Extended myectomy for hypertrophic obstructive cardiomyopathy 2772D- and recently more sophisticated 3D-echocardiogra-
hy on our own patients has shown that after extended
yectomy, the cross sectional area of the LVOT reaches
ormal values.7 Likewise, the SAM disappears or is re-
uced to a minimum with no further mitral insufficiency.
s a fact, none of our patients with preoperative mitral
nsufficiency of any degree needed direct mitral valvulo-
lasty. Full mobilization of the subvalvular mitral appara-
us took care of mitral incompetence. Long-term survival
p to 17 years has shown to be excellent without any case
f sudden death. However, late functional deterioration of
he heart due to the underlying disease must be expected.
lso, concomitant coronary bypass surgery has a negative
mpact on late survival.5,7,8
Transcoronary catheter ablation (TASH) became popu-
ar in recent years, and the number of patients in need of
n interventional procedure exploded suddenly. The
ethod, however, is much dependent on the anatomy of
he coronary branches to the ventricular septum, and the
xact degree of the induced myocardial infarction is hardly
redictable. Furthermore, the risk of complete heart block
s high. Even though short-term outcome with regard to
radient reduction and improvement of functional capac-
ty is similar for both surgical and catheter induced septal
blation,9,10 the proof for long-term benefit until now has
nly been determined for the surgical procedure.5,8,11
Unless similar results for less invasive techniques are pro-
ided, extended surgical myectomy with remodeling of the
ubvalvular mitral apparatus remains the golden standard for
reatment of symptomatic hypertrophic obstructive cardio-
yopathy resistant to medical therapy.eferences
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